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RELATED APPLICATION 

The subject matter of the U.S. Patent Application entitled "LINEAR 
5 OPTICAL DISK CHANGER WITH SIDE SWITCHING CAPABILITIES," filed 

concurrently herewith, Apphcation Serial No. , and having Docket 

Number 98-02467 contains related subject matter. 

TECHNICAL FIELD 
10 The present invention is directed toward an apparatus and method for 

automatically accessing both sides of an optical disk. 

BACKGROUND OF THE INVENTION 

Data of various types is recorded on and accessed from optical disks. 

15 Common optical disks include compact disks (CDs), CD-ROMs, digital versatile 
disks (DVDs), digital video disks (also abbreviated DVDs), or other similar disks. 
Some optical disks, such as DVDs, may be either single-sided or dual-sided. With 
conventional optical disk changers, a dual-sided optical disk must be manually 
"flipped" between sides in order to read data from both sides of the disk. 

20 Three general types of optical disk changers capable of storing and reading 

multiple disks are known. In the first type, a number of disks are positioned coplanar 
to one another and radially about a center rotation point on a carrousel. To read any 
one disk, the carrousel is rotated until the desired disk is positioned adjacent to the 
disk reader. To read anodier disk, the present disk is disengaged from the reader and 

25 the carrousel is rotated to position another disk adjacent to the disk reader. However, 
such optical disk changers read only one side of a disk. Thus, operator intervention is 
required to flip the disk to allow the disk reader to read the opposite side of the disk. 
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The second type of multiple disk changer stores optical disks in a stack with 
the center of each disk coaxial with the centers of the other disks. A disk to be read is 
rotated or translated out from the stack and engaged by a disk reader. Just as with the 
first type of multiple disk changer, the changer can read only one side of a disk unless 
5 the disk is manually flipped by a user. 

The third type of multiple disk changer stores optical disks radially about a 
center rotation point on a carrousel, but with the rotational axis of each optical disk 
perpendicular to the axis of rotation of the carrousel The resulting geometry of the 
plurality of stored disks is a toroid or "donut" shape. A disk from the carrousel is 
10 read by ejecting the disk from the carrousel into a disk reader. Examples of this third 
type of multiple disk changer are illustrated in U.S. Patents 4,519,055, 5,067,1 16, 
5,235,579, 5,615,184, 6,671,196, 5,719,725, and 5,754,502. These changers can only 
read one side of the optical disk unless the user manually flips the disk. 

Therefore, although the prior art is capable of storing a large number of optical 
15 disks, the prior art does not provide an apparatus or method for reading both sides of a 
optical disk without manual operator intervention. Consequently, there is a need for 
an apparatus and method for automatically reading both sides of an optical disk by 
effectively flipping a dual-sided disk. 

20 SUMMARY OF THE INVENTION 

One embodiment of the invention is an optical disk changer for reading a first 
and a second side of an optical disk. The disk changer includes: a base; a carrousel 
rotationally coupled to said base for receiving, holding, and delivering the optical 
disk; and an optical disk reader attached to said base within said carrousel. The 

25 optical disk reader has a first loading mechanism on a first side of said reader and a 
second loading mechanism on a second side of said reader. The first loading 
mechanism loads the optical disk when the first side of the optical disk is read and the 
second loading mechanism loads the optical disk when the second side of the optical 
disk is read. 
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Another embodiment of the invention is a method of translating an optical 
disk having a first side and a second side. The method includes holding the optical 
disk in a cairousel. If data ftom the first side of the optical disk is to be read, then the 
optical disk is translated to a location within the carrousel in a first direction. If data 
fiom the second side of the optical disk is to be read, then the optical disk is translated 
to the location in a direction opposite to the first direction. 

Another embodiment of the invention is a method of reading data ftom an 
optical disk comprising: holding the optical disk in a carrousel; delivering the optical 
disk from the carrousel to a location within the carrousel by translating the optical 
disk in a first direction; reading data from a first side of the optical disk; delivering 
the optical disk from the location to the carrousel by translating the optical disk in the 
first direction; rotating the carrousel; loading the optical disk from the carrousel to the 
location within the carrousel by translating the optical disk in the first direction; and 
reading data from a second side of the optical disk. 

Another embodiment of the invention is an optical disk changer for reading a 
first and a second side of at least one optical disk comprising: a base; a carrousel 
rotationally coupled to said base for receiving, holding, and delivering at least one 
optical disk; an optical disk reader attached to said base outside of said carrousel; and 
a transfer mechanism coupled to said base within said carrousel. The transfer 
mechanism has a first loading mechanism on a first side of said transfer mechanism 
for loading the optical disk into said transfer mechanism and a second loading 
mechanism on a second side of said transfer mechanism for loading the optical disk 
into said carrousel. 

Yet another embodiment of the invention is a method of reading data from an 
optical disk comprising: holding the optical disk in a carrousel; if data from the first 
side of the optical disk is to be read, then delivering the optical disk to an optical 
reader and reading the data; and if data from the second side of the optical disk is to 
be read, then delivering the optical disk to a transfer mechanism along a first 
direction, delivering the optical disk to the carrousel along the first direction, 
delivering the optical disk to the optical reader, and reading the data. 
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Still another embodiment of the invention is an optical disk changer for 
reading a first and a second side of an optical disk comprising: a base; a carousel 
rotationally coupled to said base for receiving, holding, and delivering the optical 
disk; an optical disk turner rotationally coupled to said base within said carrousel for 
turning the optical disk, said turner having a first loading mechanism on a first side of 
said turner and a second loading mechanism on a second side of said turner, the first 
loading mechanism for loading the optical disk into said turner and the second 
loading mechanism for loading the optical disk into said carrousel after said turner 
has been rotated relative to said carrousel; and an optical disk reader attached to said 
base outside of said carrousel for reading the first side of the optical disk, and for 
reading the second side of the optical disk that has been turned by said optical disk 
turner. 

Another embodiment of the invention is a method of reading data from an 
optical disk comprising: holding the optical disk in a carrousel; if data from the first 
side of the optical disk is to be read, then delivering the optical disk to an optical 
reader and reading the data; and if data from the second side of the optical disk is to 
be read, then delivering the optical disk to a turning mechanism, rotating the optical 
disk, delivering the optical disk to the carrousel, delivering the optical disk to the 
optical reader, and reading the data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a top isometric view of an optical disk changer with a disk reader 
within the disk carrousel. 

Figure 2 is a top isometric view of an optical disk changer with a transfer 
mechanism within the disk carrousel. 

Figure 3 is a top isometric view of an optical disk changer with a disk turner 
within the disk carrousel. 

Figure 4 is a fiowchart illustrating a method of reading data from an optical 

disk. 

Figure 5 is a flowchart illustrating a method of translating an optical disk. 
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Figure 6 is a flowchart illustrating a method of reading data from an optical 

disk. 

Figure 7 is a flowchart illustrating a method of reading data from an optical 

disk. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention are directed toward an optical disk 
changer that is capable of automatically playing both sides of a dual-sided optical 
disk. The optical disk played may be a CX>, CD-ROM, DVD, or any other such 
optical disk. In one embodiment of the invention, a carrousel is employed to receive, 
hold, and deliver optical disks to an optical disk reader located in the center of the 
carrousel Another embodiment of the invention positions a reader adjacent to the 
carrousel, but outside of the center of the carrousel. This embodiment uses a 
stationary transfer mechanism to pass optical disks through the center of the 
carrousel. Still another embodiment of the invention also places the reader adjacent 
to, but outside of the carrousel. This embodiment uses an optical disk turner to turn 
and direct disks to desired slots of the carrousel. 

Description of the First Embodiment 

Figure 1 shows an optical disk changer 101 for reading a first and a second 
side of an optical disk 2. A base 3 supports a carrousel 4. 

Carrousel 

As shown in Figure 1, the carrousel 4 is rotationally coupled to the base 3. 
The carrousel 4 has slots for holding optical disks radially about a center rotation 
point of the carrousel. The walls of these slots should be of sufficient stiffiiess so that 
they properly support the optical disks. In some embodiments, walls of the slots are 
of constant thickness. In such embodiments, the slots would not be of constant 
thickness. In other embodiments, the slots are of constant thickness. In such 
embodiments, the thickness of the walls along the inner diameter of the carrousel 4 
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would be less than the thickness of the walls along the outer diameter of the carrousel 
4. Exemplary slots are shown as slots 13, 17, and 19. As is evident from Figure 1, 
the carrousel 4 stores disks radially about a center rotation point of the carrousel with 
the rotational axis of each optical disk substantially perpendicular to the axis of 
rotation of the carrousel 4. 

The carrousel 4 may also include locating surfaces along the bottom of the 
slots (not shown). These locating surfaces properly position an optical disk that is 
received by a user or a disk reader. In addition, the locating surfaces also keep an 
optical disk that is being held in a carrousel 4 from exiting a slot in the carrousel 4 
when the carrousel 4 rotates. Further, these locating surfaces provide a precise 
position for an optical disk that is to be delivered to a disk reader. Locating surfaces 
are known in the art. 

The carrousel 4 may be constructed from a variety of materials. However, it 
may be optimal to mold the carrousel 4 from plastic. 

Optical Disk Reader 

Referring again to Figure 1, an optical disk reader 105 is shown. As shown in 
Figure 1, the optical disk reader 105 is located "within" the carrousel 4, /.e., at least a 
portion of the disk reader 105 is located in the volume defined by the inner edges of 
the slots of the carrousel 4. The optical disk reader 105 includes conventional sensors 
and electronics for reading an optical disk. In addition, the reader 105 includes a first 
loading mechanism 106 that is located on a first side of the reader 105. The first 
loading mechanism 106 may be formed by two substantially parallel cylinders that 
cooperatively rotate to move the optical disk. 

In the embodiment shown in Figure 1, the first loading mechanism 106 also 
includes a first ejector arm 10. The first ejector arm 10 may rotate in a bearing or 
retaining clip about its lower end to push a disk out of the slot 13 and into the grasp of 
the substantially parallel cylinders of the first loading mechanism 106. Alternatively, 
the first ejector arm 10 may rotate about its upper end or may even be coupled to a 
mechanism that translates the entire ejector arm 10. In addition, other conventional 
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loading mechanisms may be used. Any loading mechanism that loads the disk 2 from 
the carrousel 4 into the reader 105 with or without use of an ejector arm will suffice. 

The disk reader 105 also contains a second loading mechanism 107 on the 
second side of the disk reader 105. This loading mechanism is similar to the first 
loading mechanism. Similar to the first ejector arm 10, a second ejector arm 12 
cooperates witti the second loading mechanism 107 to load an optical disk from the 
second side of the disk reader 105. 

Method of Operating the First Embodiment of the Invention 

One embodiment of the invention is a method of reading data from an optical 
disk. This method, which is shown in Figure 4, may be performed by the disk 
changer 101 shown in Figure 1. First, an optical disk that is being held in a carrousel 
is delivered from the carrousel into a reader within the carrousel by translating the 
disk in a first direction. 

Next, data from a first side of the disk is read. After data from the first side of 
the disk is read or upon operator command, the disk is unloaded from the reader and 
delivered to the carrousel by translating the disk in the first direction. In some 
embodiments, the carrousel is rotated one hundred eighty degrees so that the optical 
disk is delivered into the slot in the carrousel that originally held the disk. In other 
embodiments, the disk is delivered to another empty slot in the carrousel. The 
carrousel is then rotated. In some embodiments, the carrousel will be rotated one 
hundred eighty degrees. Next, the disk is loaded from the carrousel to the reader by 
translating the optical disk in the first direction. 

Then, data from the second side of the optical disk may be read. After data 
from the second side of the disk is read or upon operator command, the disk is 
unloaded from the reader and delivered in the first direction from the location within 
the carrousel back into the carrousel by the second disk loading mechanism. 
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Another Method of Operating the First Embodiment of the Invention 

Another embodiment of the invention is shown in Figure 5. In this 
embodiment, an optical disk is held in a carrousel. If data from the first side of the 
optical disk is to be read, then the carrousel is rotated to align the disk with the first 
transfer mechanism. Then, the optical disk is delivered to the disk reader by 
translating the disk in a first direction. After reading the data on the first side of the 
disk, the disk may be delivered to the cairousel by translating the disk in a direction 
opposite to the first direction. 

On the other hand, if data from the second side of the optical disk is to be 
read, then the carrousel is rotated to align the disk with the second transfer 
mechanism. Then, the optical disk is delivered to the disk reader by translating the 
optical disk to the disk reader in a direction opposite to the first direction. After 
reading the data on the second side of the disk, the disk may be delivered to the 
carrousel by translating the disk in the first direction. 

Description of the Second Embodiment 

Figure 2 shows an optical disk changer 201 for reading a first and a second 
side of an optical disk 2. As in the first embodiment, a base 3 supports a carrousel 4. 
The base and carrousel of the second embodiment are substantially identical to the 
base and carrousel described in the first embodiment. 

Optical Disk Reader 

An optical disk reader 8 is positioned adjacent to the carrousel, but outside of 
the carrousel. The optical disk reader 8 includes conventional sensors and electronics 
for reading an optical disk. In addition, the reader 8 includes a loading mechanism 9 
that is located on a side of the reader 105 adjacent to the carrousel. The loading 
mechanism 9 may be formed by two substantially parallel cylinders that cooperatively 
rotate to move the optical disk. 

The loading mechanism 9 may also include an ejector arm (not shown) that 
operates from within the carrousel 4 to push a disk out of the slot shown as slot 19 
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and into the grasp of the substantially parallel cylinders of the loading mechanism 9. 
The ejector arm is similar to the ejector arms 10 and 12 described in the first 
embodiment above. In addition, other conventional loading mechanisms may be 
used. Any loading mechanism that loads the disk 2 from the carrousel 4 into the 
reader 8 with or without use of an ejector arm will suffice. 

Transfer Mechanism 

The second embodiment uses a stationary transfer mechanism 205 to pass an 
optical disk through the center of the carrousel 4. The transfer mechanism 205 has a 
first loading mechanism 206 that is similar in construction to the first loading 
mechanism 106 of the first embodiment and a second loading mechanism 207 that is 
similar in construction to the second loading mechanism 107 of the first embodiment. 
The transfer mechanisms of the embodiment specifically described here differ from 
those of the first embodiment in that they function to pass an optical disk 2 only in a 
first direction. 

Just as with the first embodiment, the first ejector arm 10 may be used to push 
a disk 2 from a slot of the carrousel 4 and position the disk in a position to be loaded 
by the first loading mechanism 206. As with the first embodiment, any loading 
mechanism that loads the disk 2 from the carrousel 4 into the transfer mechanism 205 
with or without use of an ejector arm will suffice. 

Method of Operating the Second Embodiment of the Invention 

Another embodiment of the invention is a method of reading data from an 
optical disk. This method, which is shovra in Figure 6, may be perfomied by the disk 
changer 201 shown in Figure 2. If data from the first side of the optical disk that is 
held in the carrousel is to be read, the optical disk is delivered to the optical reader. 
This delivery may be effectuated by rotating the carrousel to align a disk with the 
loading mechanism of the reader then translating the disk into the reader. At this 
point, the data from the first side of the disk may be read. After reading, the disk may 
then be returned to the carrousel. 
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If data from the second side of the optical disk is to be read, the carrousel is 
rotated so that the disk is adjacent to the first loading mechanism of the transfer 
mechanism. The disk is delivered in a first direction to the transfer mechanism. The 
disk can then be held in the transfer mechanism until the carrousel is rotated to align a 
desired slot with the second side of the transfer mechanism. The disk is then 
delivered to the carrousel by employing the second loading mechanism to deliver the 
disk to the carrousel in the first direction. Subsequently, the carrousel is rotated to 
align the disk with the reader. The disk can then be loaded and data on the second 
side of the disk can be read. 

Description of the Third Embodiment 

Figure 3 shows an optical disk changer 301 for reading a first and a second 
side of an optical disk 2. As in the second embodiment, a base 3 supports a carrousel 
4 and an optical disk reader 8. The base, carrousel, and optical disk reader of the third 
embodiment are substantially similar to the base, carrousel, and optical disk reader 
described in the second embodiment. 

Optical Disk Turner 

The optical disk turner 305 includes a first loading mechanism 306 and a 
second loading mechanism 307 that are similar to the first loading mechanism 206 
and the second loading mechanism 207 of the second embodiment. However, the 
optical disk turner 305 is capable of rotating about its center vertical axis relative to 
the base 3 and the carrousel 4. 

Method of Operating the Third Embodiment of tiie Invention 

Still another embodiment of the invention is a method of reading data fix)m an 
optical disk. This method, which is shown in Figure 7, may be performed by the disk 
changer 301 shown in Figure 3. If data from the first side of the optical disk is to be 
read, the disk is delivered to the reader and played as described in the method of the 
second embodiment above. 
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However, if data from the second side of the disk is to be read, the carrousel is 
rotated to align the disk with the first loading mechanism of the disk turner. The disk 
is then delivered to the turning mechanism by translating the disk in a first direction. 
The disk is then rotated by the disk turner. Next, the disk is delivered to the carrousel 
by translating the disk in a direction opposite to the first direction. Subsequently, the 
carrousel is rotated to align the disk with the reader. The disk can then be delivered to 
the reader and the reader can read data on the second side of the disk. 

From the foregoing it will be appreciated that, although specific embodiments 
of the invention have been described herein for purposes of illustration, various 
modification may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the claims. 

Advantages of the Invention 

An advantage of some embodiments of the present invention is that they 
provide for fiilly automatic reading of dual-sided optical disks. As an increasing 
number of optical disks contain data on both sides of the disk,' the need for automatic 
reading of both sides of a disk will be accentuated. For instance, a dual-sided DVD 
that is not automatically changed would reqaire operator intervention at the end of the 
playing of the first side before the balance of the video could be viewed. 

Another advantage of the invention is that with an identical storage volume 
the invention enables access by any automated device to twice as much digital 
information. To be truly automated, an automated optical disk device must 
necessarily be able to access all of the data stored on the disks within the automated 
system. With prior technology, dual-sided disks could not be accessed without 
operator intervention. Thus, for automatic operation, single-sided disks would be 
required. Therefore, with the present invention, half as much storage volume is 
required to effectively operate an automated optical disk device. 
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